Introduction
Pancreatic cancer is the fourth most common cause of cancer-related death in the US [1] . It is predicted that, in 2014, pancreatic cancer will account for approximately 7% (more than 39,500 cases) of all cancer deaths in the US, with more than 46,000 new cases being anticipated [1] . Prognosis is particularly poor, with a 5-year survival of 6%, falling to 2% in those diagnosed with distant disease [1] .
Gemcitabine monotherapy has been the standard treatment for advanced pancreatic cancer since 1997, after clinical trials demonstrated symptomatic benefits with gemcitabine, including alleviation of pain and improved performance status (PS), as well as modest improvements in overall survival (OS) [2, 3] . More recently, phase III trials have demonstrated that, compared with gemcitabine monotherapy, treatment with gemcitabine in combination with the epidermal growth factor receptor inhibitor erlotinib [4] , nab ® -paclitaxel [5] , or FOLFIRINOX (oxaliplatin, irinotecan, fluorouracil, and leucovorin) [6] significantly increases OS in patients with metastatic pancreatic adenocarcinoma, with manageable toxicity. However, these trials excluded patients with poor PS. Eligibility criteria for the trial of gemcitabine plus erlotinib included an Eastern Cooperative Oncology Group (ECOG) PS of 0, 1, or 2 [4] ; in the trial of gemcitabine plus nab-paclitaxel [the Metastatic Pancreatic Adenocarcinoma Clinical Trial (MPACT)], a Karnofsky PS of at least 70 was required for inclusion [5] (70 on the Karnofsky PS scale correlates to an ECOG PS of 2 [7] ); and eligibility for inclusion in the gemcitabine plus FOLFIRINOX trial required an ECOG PS of either 0 or 1 [6] .
The National Comprehensive Cancer Network (NCCN) currently recommends combination chemotherapy for patients with pancreatic adenocarcinoma and good PS (ECOG 0 or 1), but advocates gemcitabine monotherapy with best supportive care for those with poor PS [8] . Further research is required to establish optimal management strategies for pancreatic adenocarcinoma patients with poor PS.
This paper reports the case of a patient with poor PS who achieved a prolonged objective response to combination therapy with gemcitabine plus nab-paclitaxel. The patient gave informed consent for the publication of details of her case, as she wanted future pancreatic cancer patients to benefit from her experience.
Case Report
A 79-year-old Caucasian female with metastatic pancreatic cancer and poor PS (ECOG 3) was referred to the author's clinic on May 6, 2013. The patient had a history of hypothyroidism, hyperlipidemia, hypertension, gastroesophageal reflux disease, Parkinson's disease, supranuclear ophthalmoplegia, and torticollis. Her medication included aspirin, mometasone furoate, metoprolol, verapamil, omeprazole, rosuvastatin, levothyroxine, and carbidopalevodopa. The patient was wheelchair bound because of her Parkinson's disease.
An abdominal computed tomography (CT) scan on May 3, 2013 revealed a pancreatic head mass of 3.1 cm, with obstruction of the bile, pancreatic, and common bile ducts. Retroperitoneal peripancreatic mesenteric adenopathy and abnormal appearance of the colon suggested colonic or pancreatic malignancy. The scan also showed metastases in the lung, where nodules of up to 1.5 cm in diameter were observed. A biopsy of the pancreas on May 6 confirmed adenocarcinoma of intermediate to high grade, most likely of pancreatic origin.
At the initial consultation with the author, the patient was informed of her advanced disease and advised to enter a hospice because of her poor PS. However, the patient rejected this advice, stating that she wanted to 'fight' her cancer. Further investigations were therefore initiated, with the aim of administering palliative chemotherapy.
On May 10, 2013, a plastic stent was inserted by endoscopic retrograde cholangiopancreatography at the Springfield Memorial Hospital, Springfield, Ill., USA. A positron emission tomography (PET) CT scan on May 17 confirmed the results of the previous scan and showed abnormal uptake in the pancreatic head, with a standardized uptake value of 11.5 ( fig. 1a ). Further uptake in the left lower nodule and the appearance of small, noncalcified nodules suggested metastatic disease. The mesenteric lymph nodes were slightly enlarged. At this time, the carbohydrate antigen (CA) 19-9 level was elevated at 7,925 IU/ml (normal value 0-34 IU/ml).
The patient was referred for chemotherapy and started treatment with gemcitabine plus nab-paclitaxel on May 20, 17 days after the first CT scan. Gemcitabine was administered at the standard dose of 1,000 mg/m 2 . However, because of the patient's age, the dose of nabpaclitaxel was arbitrarily decreased from 125 mg/m 2 , which is the approved dose for administration in combination with gemcitabine, to 100 mg/m 2 . Both agents were administered on days 1, 8, and 15 of a 28-day cycle.
On June 27, 2013, a permanent metallic stent was placed in the patient's common bile duct at the Springfield Memorial Hospital. During the third cycle of gemcitabine plus nabpaclitaxel, a PET CT scan revealed a near-complete response of the metastatic pancreatic cancer (fig. 1b) ; CA 19-9 had fallen to 374 IU/ml. As had been explained to the patient at the outset, the goal of therapy had been to stabilize her disease while hoping for a tumor response. The magnitude of the response and the preservation of the patient's quality of life that resulted were quite unexpected.
The fifth treatment cycle was interrupted because the patient was experiencing tremors, probably due to progression of her Parkinson's disease (no other cause was identified). Investigations revealed a low hemoglobin (Hb) level (8.8 g/dl). This was considered to be treatment related, and was supported with transfusions. A drop in PS further delayed the chemotherapy, but cycle 5 was restarted after a 1-month delay.
A PET CT scan during cycle 6 showed a continued response compared with the initial scan, but also a slight increase in tumor size compared with the scan during cycle 3, possibly due to tumor growth during the 1-month delay in dosing. A further PET CT scan at the start of cycle 9 (after 8 months of treatment) suggested improved disease and no increase in activity within the head of the pancreas, as had been seen in the previous scan. A small pleural effusion of the left lung and borderline hypermetabolic disease were observed, thought to be secondary to early pneumonia. The patient's CA 19-9 level remained relatively low, at approximately 420-480 IU/ml.
During the course of treatment, the patient received additional blood and platelet transfusions in response to low Hb levels on three occasions (Hb decreased from 12.5 g/dl at baseline to 8.8 g/dl on September 8, 2013 and January 6, 2014, and to 9.2 g/dl on March 12, 2014), and in response to thrombocytopenia also on three occasions (platelet counts of 46,000, 47,000, and 28,000/µl on April 2, 5, and 7, 2014, respectively). Two episodes of neutropenia occurred during the first few months of treatment -absolute neutrophil counts of 440 and 380 cells/mm 3 were recorded on June 12 and August 26, 2013, respectively -but did not recur subsequently, and there was no evidence of peripheral neuropathy after 11 cycles of gemcitabine plus nab-paclitaxel. The patient was admitted to hospital on April 3, 2014 with pulmonary edema and wheezing. A CT scan revealed bilateral pleural effusions; these were considered to be secondary to the multiple transfusions that she had received. She also had episodes of aspiration of pneumonia, and continued to decline functionally. Although her cancer was well controlled (CA 19-9 was 393 IU/ml on March 19, 2014), the patient's comorbid conditions, in addition to poor tolerance of the chemotherapy, led to her death on April 14, 2014.
Discussion
In recent years, several combination chemotherapy regimens have shown efficacy superior to that of single-agent chemotherapy (typically gemcitabine) in patients with advanced metastatic pancreatic cancer [4-6, 9, 10] . Despite efficacy benefits, combination regimens have traditionally been associated with higher rates of toxicity. For example, in the PRODIGE 4/ACCORD 11 trial, FOLFIRINOX significantly and dramatically improved median OS (11.1 vs. 6.8 months), as well as progression-free survival and objective response rate, compared with gemcitabine monotherapy [6] . However, the combination regimen was associated with significantly higher rates of grade 3-4 toxicities, including neutropenia, febrile neutropenia, thrombocytopenia, diarrhea, and sensory neuropathy [6] . Notably, this trial included only relatively robust patients; those aged >75 years or with ECOG PS ≥2 were excluded. In addition, two recent meta-analyses comparing gemcitabine-based combination therapy with gemcitabine monotherapy concluded that, while the combination regimens significantly improve OS, treatment-related toxicity is increased [9, 10] . Consequently, current NCCN guidelines continue to recommend gemcitabine monotherapy for patients with metastatic pancreatic cancer and poor PS, who may be unable to tolerate the greater toxicity of combination regimens [8] . It should be noted, however, that combination therapies are not always associated with increased toxicity compared with single-agent gemcitabine. For example, the combination of gemcitabine plus erlotinib has been reported to lead to a small but significant improvement in OS without substantially impacting on toxicity [4] .
Concerns about the potential impact of treatment-related toxicity on quality of life are understandable, even when the survival benefit is considerable (as with FOLFIRINOX), given that rates and severities of toxicity differ markedly between treatments. However, data from the PRODIGE 4/ACCORD 11 trial showed that FOLFIRINOX maintains or improves quality of life (based on the measurement of overall global health status) to a greater extent than gemcitabine monotherapy [11] . Using data from the phase 3 MPACT, which compared gemcitabine 1,000 mg/m 2 plus nab-paclitaxel 125 mg/m 2 with gemcitabine 1,000 mg/m 2 alone [5] , quality-adjusted time without symptoms or toxicities (Q-TWiST) analyses found that treatment with gemcitabine plus nab-paclitaxel led to a significant and clinically important 21% improvement in quality-adjusted survival (Q-TWiST) compared with gemcitabine monotherapy in treatment-naïve patients with metastatic pancreatic adenocarcinoma [12] . Other case reports have suggested that gemcitabine plus nab-paclitaxel is an effective and well-tolerated option in patients with pancreatic cancer -albeit those with good PS -in clinical practice. Three reports relate to patients with metastatic disease who had failed prior chemotherapy (two after FOLFIRINOX, one after failure of two different gemcitabine-based regimens) [13] [14] [15] ; another describes a patient with locally advanced pancreatic cancer who was treated with gemcitabine plus nab-paclitaxel in a neoadjuvant setting [16] .
The favorable efficacy findings and acceptable toxicity observed in MPACT and in case studies suggest that there may be a place for gemcitabine plus nab-paclitaxel in the treatment of patients with pancreatic cancer and poor PS. However, as patients with a Karnofsky PS of <70 (approximately equivalent to ECOG PS >2) were excluded from MPACT, supporting data are lacking. The present report describes the case of a patient with advanced metastatic pancreatic cancer and poor PS (ECOG 3) at presentation. The patient showed a remarkable, near-complete response after only 2 months of chemotherapy with gemcitabine plus nab-paclitaxel. Further improvement was noted after 8 months of treatment. At the time of her death (just over 11 months after diagnosis, due to her comorbid conditions compounded by poor tolerance of the hematologic toxicity of treatment), the patient's tumor was well controlled; moreover, she had survived for longer than the median OS of patients with good PS in MPACT (8.5 months).
To the author's knowledge, this is the first published report of a patient with metastatic pancreatic adenocarcinoma and an ECOG PS of only 3 demonstrating a near-complete response to treatment with gemcitabine plus nab-paclitaxel. The current recommended treatment for such patients is gemcitabine monotherapy; however, the case described here suggests that this population could benefit from first-line combination therapy with gemcitabine plus nab-paclitaxel. These findings suggest that further study of first-line gemcitabine plus nab-paclitaxel in pancreatic cancer patients with poor PS is warranted in a clinical trial setting. 
